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[Title of the Invention] High-efficiency power supply 
circuit 

[Claim] 

[Claim 1] A high-efficiency power supply circuit 
implemented as a DC-DC converter comprising: a first 
switching element to be turned ON/OFF in response to an 
external signal; an inductor for supplying energy to a load 
in accordance with a state of the first switching element; 
a rectifying diode; and a smoothing capacitor, wherein the 
high-efficiency power supply circuit is characterized by 
further including a second switching element which is 
connected in parallel to the rectifying diode, and is 
controlled to be bidirectionally turned ON/OFF in synchro- 
nism with the first switching element, and a comparator for 
detecting a voltage drop by the rectifying diode and the 
second switching element and detecting the direction of 
current flowing through the inductor, thereby turning 
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ON/OFF the second switching element. 
[Detailed Description of the Invention] 
[0001] 

[Objective of the Invention] 



[0002] 

[Field of the Invention] 

This invention relates to a high-efficiency power 
supply circuit such as a DC-DC converter suitably applica- 
ble to portable units like personal computers, in particu- 
lar. 



[0003] 
[Prior Art] 

In a portable unit such as a personal computer, 
a DC-DC converter is used as a power supply. a basic 
configuration of a DC-DC converter is shown in Figure 2. 
The DC-DC converter includes: a switching element 21, such 
as a bipolar transistor or an MOS transistor, which is 
turned ON/OFF in response to an external signal; an 
inductor element 22 such as a coil for storing energy 
therein or a choke for changing the magnitude of a voltage; 
a smoothing capacitor 23; and a rectifying diode 24. 

[0004] 

The basic operation thereof is as follows. 
First, when the switching element 21 is turned ON, cur- 
rent !„. flows, so that energy is supplied from the side of 
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an input terminal to the side of an output terminal. On 
the other hand, when the switching element 21 is turned 
OFF, current 1^, flows, so that the energy stored in the 
inductor 22 is released. At this time, a part of the 
energy stored in the inductor 22 is lost because of a 
forward voltage drop of the rectifying diode 24. 

[0005] 

Another configuration of a DC-DC converter which 
has been modified for reducing the loss caused by the diode 
is shown in Figure 3. Specifically, another switching 
element 31, the switching of which is controlled such that 
the switching element 31 is bidirectionally turned ON/OFF 
in synchronism with the switching element 21, is provided 
separately from the switching element 21 for the configura- 
tion shown in Figure 2. A timing relationship between 
these switching elements is defined such that when the 
switching element 21 is ON, the switching element 31 is 
turned OFF, and that when the switching element 21 is OFF, 
the switching element 31 is turned ON. This configuration 
utilizes a fact that a voltage drop between the source and 
the drain of the bidirectional switching element 31 is 
considerably smaller than a forward voltage drop of the 
diode 24. 

[0006] 

[Problems to be Solved by the Invention] 
In the configuration shown in Figure 3, in an 
operation mode in which the switching element 21 is turned 
ON after all of the energy stored in the inductor 22 has 
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completely been released (i.e., extra energy which is not 
consumed by the load returns to the power supply), the 
extra energy which is not consumed by the load is once 
stored as magnetic energy in the inductor 22, and then 
returns as electric energy to the power supply. Since the 
energy returns from a light load to the power supply in 
such a manner, a power loss is caused and the efficiency of 
the power supply is decreased at this time. Thus, power 
cannot be supplied to a largely variable load, irrespective 
of the state of the load. Moreover, if such a situation is 
to be avoided by the circuit configuration shown in 
Figure 3, then the capacitance of the inductor 22 adversely 
increases . 

[0007] 

This invention has been devised in view of the 
above-described state in the art, for the purpose of 
providing a high-efficiency power supply circuit which can 
efficiently supply power even when a load is light. 

[0008] 

[Structure of the Invention] 
[0009] 

[Means for Solving the Problems] 

This invention is a DC-DC converter including: a 
first switching element to be turned ON/OFF in response to 
an external signal; an inductor for supplying energy to a 
load in accordance with a state of the first switching 
element; a rectifying diode; and a smoothing capacitor. 
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The high-efficiency power supply circuit is characterized 
by further including a second switching element which is 
connected in parallel to the rectifying diode, and is 
controlled to be bidirectionally turned ON/OFF in synchro- 
nism with the first switching element, and a comparator for 
detecting a voltage drop by the rectifying diode and the 
second switching element and detecting the direction of 
current flowing through, the inductor, thereby turning 
ON/OFF the second switching element. 

[0010] 
[Function] 

In the above-described configuration, the direc- 
tion of the current flowing through the inductor is 
detected by the comparator, and the turn ON/OFF of the 
second switching element is controlled in accordance with 
the output of the comparator, thereby realizing a power 
supply exhibiting a high efficiency even when the load is 
light. Thus, even when the load is light, the efficiency 
does not decrease and the capacitance of the inductor need 
not be increased. 



[0011] 
[Examples] 

Hereinafter, an example of the present invention 
will be described in detail with reference to the drawings. 
Figure 1 is a circuit diagram showing an example of the 
present invention. 
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[0012] 

In Figure 1, 11 is a switching element, such as 
a bipolar transistor or an MOS transistor, which is turned 
ON/OFF in response to an external signal, 12 is ah inductor 
element such as a coil for storing energy therein or a 
choke for changing the magnitude of a voltage, and 13 is a 
smoothing capacitor. 14 is a switching element which is 
provided separately from the switching element 11 and the 
switching of which is controlled such that the switching 
element 14 is bidirectionally turned ON/OFF in synchronism 
with the switching element 11. 15 is a comparator for 
detecting the voltage drop of the switching element 14 and 
detecting the direction of current flowing through the 
inductor 12, thereby turning ON/OFF the switching ele- 
ment 14 in accordance with the direction. 16 and 17 are 
parasitic diodes. 

[0013] 

Hereinafter, the operation of this exemplary 
power supply circuit according to the present invention 
will be described in detail. As shown in Figure 1, first, 
when the switching element 11 is turned ON, if the switch- 
ing element 14 is also ON (a specific operation mode in 
which the switching element 14 is ON will be described 
later), then current flows through the switching ele- 

ment 11 - the switching element 14 - GND in this order. A 
signal to be activated in accordance with the output of the 
comparator 15 (a high-level signal) is supplied to the 
switching element 14. However, when the current l m flows 
through the switching element 14, a certain voltage drop is 
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caused between the terminals of the switching element 14. 
As a result, the point denoted by a in Figure 1 has a 
positive ( + ) polarity and the point denoted by b in 
Figure 1 has a negative (-) polarity. Then, the output of 
the comparator 15 becomes low and the switching element 14 
is turned OFF. After the current stops flowing through the 
switching element 14, the output of the comparator 15 is 
still low. When the switching element 14 is turned OFF, 
current begins to flow from the power supply to the 

load. 



[0014] 

Next, when the switching element 11 is turned 
OFF, the energy stored in the inductor 12 is released and 
current 1^ flows. At this point in time, since the 
switching element 14 has been turned OFF, the current flows 
through the parasitic diode 17 of the switching element 14. 
Thus, since the point a becomes (-) and the point b becomes 
(+), the output of the comparator 15 becomes high and the 
switching element 14 is turned ON. The voltage drop of the 
switching element 14 in this case is considerably smaller 
as compared with a conventional power supply circuit using 
a diode. Consequently, the efficiency thereof is improved. 
If the switching element 11 is turned ON before the energy 
stored in the inductor 12 has completely been released, the 
Same operation is repeatedly performed from the start point 
initially described about this operation. 

[0015] 

Next, if the switching element 11 is not turned 



7 



SHUSAKU YAMAMOTO 



Your Ref: 02445.037 



ON even after the switching element 11 has been turned OFF 
and the energy stored in the inductor 12 has completely 
been released (i.e., when the load is light), then cur- 
rent Io,,, flows such that the energy stored in the capaci- 
tor 13 is transmitted through the inductor 12 to GND. in 
this case, since the point a becomes (+) and the point b 
becomes (-), a low level signal is supplied to the switch- 
ing element 14, so that the switching element 14 is turned 
OFF instantaneously. That is to say, since this current no 
longer flows, an operation mode in which power returns from 
the load to the power supply does not exist. Consequently, 
even when the load is light, the efficiency of the power 
supply is not decreased. In actuality, it is only after 
the current T. om starts to flow that the comparator 15 
turns the switching element 14 OFF. As a result, a very 
small amount of current is stored in the inductor 12 before 
the turn OFF of the switching element 14 and power returns 
to the power supply via a current path 1,^. However, 
since the amount of the returning power is very small and 
the power to be lost in this mode is even smaller, such a 
delay is negligible in practical use. 

[0016] 

[Effect of the Invention] 

As is apparent from the foregoing description, 
according to this invention, even when a load is light, the 
efficiency of a power supply is not decreased and the 
capacitance of an inductor need not be increased. Thus, 
this invention can also contribute to cost reduction. 
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[Brief Description of the Drawings] 
[Figure 1] 

A circuit diagram showing an example of this 



invention. 



example . 



[Figure 2] 

A circuit diagram showing a conventional example. 
[Figure 3] 

A circuit diagram showing another conventional 



[Description of the Reference Numerals] 
11, 14 switching element 

12 inductor 

13 capacitor 
15 comparator 

16, 17 parasitic diode 
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[Abstract] 

[Objective] This invention relates to a high-efficiency 
power supply circuit such as a DC-DC converter suitably 
applicable to portable units like personal computers, in 
particular. The objective of this invention is to provide 
a high-efficiency power supply circuit which can efficient- 
ly supply power even when a load is light. 

[Structure) The high-efficiency power supply circuit of 
this invention is a DC-DC converter including: a first 
switching element to be turned ON/OFF in response to an 
external signal; an inductor for supplying energy to a load 
in accordance with a state of the first switching element; 
a rectifying diode; and a smoothing capacitor. The high- 
efficiency power supply circuit is characterized by further 
including a second switching element which is connected in 
parallel to the rectifying diode, and is controlled to be 
bidirectionally turned ON/ OFF in synchronism with the first 
switching element, and a comparator for detecting a voltage 
drop by the rectifying diode and the second switching 
element and detecting the direction of current flowing 
through the inductor, thereby turning ON/OFF the second 
switching element. 
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